 Responses to emotional expressions in human STS and monkey IT are dissimilar.
INTRODUCTION
Research on emotional facial expressions in non-human primates has often attracted scientists because it opens an evolutionary window on emotions and social perception in humans (de Gelder, 2010; de Waal, 2011; Parr et al., 2005; Parr et al., 2008; Parr and Heintz, 2009 ). Since the advent of functional neuroimaging, facial expressions have been the favorite stimulus class for studying emotion processing in the human brain and insights from animal research have strongly influenced the interpretation of findings in humans. However, in contrast with the large literature of comparative studies on the processing of categorical information (Bell et al., 2009; Pinsk et al., 2009; Rajimehr et al., 2009; Tsao et al., 2003; Tsao et al., 2008a) , a direct comparison of processing emotional expressions between species has not been reported yet and it remains largely speculative how the primate brain evolved to deal with emotional cues (Ghazanfar and Santos, 2004) . During evolution the repertoire of facial displays evolved in parallel with species-specific social interactions (Burrows et al., 2009; Parr et al., 2005) .
Hence, although many aspects of processing emotional expressions may be conserved across primate species, the differences between humans and monkeys may primarily be reflected in
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neural pathways involved in social cognitive processes such as attributing meaning to other's mental states (Brothers, 1989; Joffe and Dunbar, 1997; Parr et al., 2005) .
Neural correlates of emotional facial expressions have been reported in humans and monkeys separately. However, the limited numbers of studies in monkeys hampers a comparison based on the existing neuroimaging literature. Emotion effects in monkeys include activation of face selective ventral prefrontal areas (Tsao et al., 2008b) , amygdala (Hoffman et al., 2007) , and modulatory effects in non-face-selective inferotemporal cortex (Hadj-Bouziane et al., 2008) .
In humans, orbitofrontal cortex and amygdala also respond to emotional expressions and are thought to be involved in more basic species-independent emotion operations such as control processes and decoding valence or saliency (Dolan, 2002; Rolls, 2004) . Similar to the effects in monkey IT, emotion-dependent activity changes in human ventral temporal occipital face areas are generally interpreted as modulatory effects, as supported by lesion studies of the amygdala (Vuilleumier et al., 2004) . In addition, human neuroimaging studies repeatedly documented emotion effects in the superior temporal sulcus (STS). The human STS is not only implicated in processing visual information, including variable facial information such as gaze or expressions (Graham and LaBar, 2012) , but also in modality-independent higher order social cognitive functions (Allison et al., 2000; Hein and Knight, 2008; Kujala et al., 2009 ).
Given its proposed role as an interface between perception and more complex social cognitive
processes, we considered the STS as a candidate region for human-specific facial emotion effects.
To compare directly the processing of facial emotion cues between species, we used eventrelated fMRI in monkeys (Vanduffel et al., 2001 ) and humans with an identical 2x2x2 factorial design with dynamic facial expression (fear and chewing), species (human and monkey) and configuration (intact versus mosaic scrambled) as factors ( Fig. 1) . To stay as close as possible to naturalistic conditions, we used dynamic faces. We chose fear as emotional condition because this is the most widely-studied expression in neuroimaging studies of each species separately. Videos of chewing faces served as neutral controls and videos of scrambled faces were used to control for the low-level effects such as motion (Puce et al., 1998) . Because the interpretation of emotional expressions is largely species-specific (Hebb, 1946) , we took advantage of our factorial design to study which areas responded preferentially to conspecific emotional expressions by contrasting them with heterospecific expressions in both species. Furthermore, to relate our findings anatomically to face-selective regions, an independent localizer experiment was also conducted in both species.
METHODS

Subjects
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Three healthy male rhesus monkeys (M18, M19 and M20; 5~7 kg, 4~5 years old) and twentythree normal human volunteers (11 male, 24~34 years old, all right-handed and had normal or corrected-to-normal visual acuity) were scanned for the dynamic facial expression experiment. Two of the three monkeys and seven human volunteers (3 male, all right-handed, 23~32 years old) were scanned in the separate localizer experiment. All human participants gave written informed consent in accordance with the Declaration of Helsinki. The ethical committee of the University of Leuven Medical School approved the experiments.
Stimuli
Twenty-four movie clips, acquired from six unfamiliar professional male human actors and six male monkeys, were used for each type of expressions (twelve for each species) in the dynamic facial expression experiment. All dynamic facial expression stimuli were frontal view color movie clips, with the external face contour removed and the mean luminance (9 cd/m 2 ) equalized (Fig. 1A) . The expressions were all gaze-averted but with heads fixed. We chose averted gaze, because unlike similar grimaces in humans, the direct-gaze, teeth-baring expressions of rhesus macaques signal submission towards the observer (de Waal and Luttrell, 1985; Maestripieri and Wallen, 1997) . To control for the eye-gaze direction, head orientation and movement asymmetries, the mirror-reversed version of each movie clip was also created.
The spatiotemporally scrambled control stimuli were generated from each dynamic face video, by applying the temporally scrambled flow field of that movie clip to the mosaic-
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scrambled start image of the original sequence ( Fig. 1A ) (for further details on stimulus construction and selection, see supplementary method). The mosaic scrambling was accomplished by dividing the image into a 32 x 32 grid and shuffling the positions of the grid elements. The flow field of the original movie clips was calculated using an optic flow estimation algorithm developed by Papenberg et al. (2006) , then temporally scrambled by spatially dividing the flow field into an 8 x 8 grid (as shown by the grid lines presented in both the intact and scrambled stimuli, Fig. 1A ) and shuffling the frames differently for each grid across temporal blocks with five frames for each block. This way of temporal shuffling completely destroyed the facial expression actions, but kept as much the low-level motion information in the scrambled stimuli as in the original videos, except that the maximum range of motion was restricted to the size of each grid in the scrambled stimuli. It needs to be noted that without temporal shuffling, human subjects clearly recognized the type of expressions in the scrambled videos, hence we chose not to control for the maximum range of motion.
For the localizer experiment, ten object categories, each containing 20 static monochrome images, were presented to both humans and monkeys during the scanning (supplementary Fig.   1 ). These categories include human and monkey faces, headless human and monkey bodies, inanimate objects with two different aspect ratios (3.09 for objects H and 1.55 for objects M,
supplementary Fig. 1 ), animals, birds, fruits and sculptures. All stimuli were matched in area A C C E P T E D M A N U S C R I P T
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and mean luminance and were embedded in a random-noise background with the noise being of the same spatial frequency, power spectrum, and mean luminance as the images.
Experimental design and procedure
Dynamic facial expression experiment. We used an event-related design, and stimuli were presented in ten different orders (each run was 550 s long). In each order, every movie clip was presented once for 2s, followed by a 2.5 s to 3.5 s inter-stimulus interval displaying only the grid (Fig. 1B) . Twelve null trials with the grid presented for 4.5 s to 5.5 s were randomly interspersed. All stimuli were presented at a size of 7 x 7 degrees of visual angle for both species. A central fixation point (8') was continuously presented and a passive fixation task was performed. Monkeys received liquid rewards for maintaining fixation within a virtual 2 x 2 degree window. Before scanning, only a few movie clips were shown to human participants for practice, and another set of static object images, unrelated to the present experiment, were used in monkeys for training. After scanning, 19 human subjects participated in three behavioral experiments to assess the emotional significance of the stimuli presented in the fMRI session. In each of the behavioral experiments, a trial consisted of the presentation of a fixation cross of variable duration (1-3 s), followed by a stimulus (2 s) after which a question mark appeared until the response. In the first experiment, participants were instructed to categorize the emotion expressed in the stimulus in a 6-alternative, forced-choice task (anger, disgust, fear, happy, neutral or sad). In the second and third experiment, participants were A C C E P T E D M A N U S C R I P T
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instructed to indicate separately the arousal and valence of each stimulus, using the SelfAssessment Manikin test (Bradley and Lang, 1994) . Monkey eye positions and pupil diameters were monitored during the fMRI scans using a pupil-corneal reflection tracking system (120 HZ, Iscan). Pupil diameter, considered a viable psychophysiological measure of fear (Sturgeon et al., 1989) , was used as an index of behavioral significance of the stimuli in monkeys.
Localizer experiment. Stimuli were presented in an event-related fashion, with each stimulus presented for 500 ms, followed by a 2.5 s to 3.5 s interstimulus interval displaying only the noise background. Between successive trials, the noise background was changed to avoid adaptation to the background. A central fixation point (8') was continuously presented and a passive fixation task was performed by both humans and monkeys. Monkeys received liquid rewards for maintaining fixation, and the reward frequency was increased as the duration of fixation increased. The stimulus sequences were generated using the M-sequences (Buracas and Boynton, 2002) , to counterbalance the order of stimulus presentation. Different sequences were randomly selected from 100 pre-generated sequences and used for different runs in both humans and monkeys. Each run lasted 400 s in both species.
fMRI acquisition
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Monkeys were scanned on a 3T Siemens Trio scanner following standard procedures (Ekstrom et al., 2008; Nelissen et al., 2006; Vanduffel et al., 2001 ), using an 8-channel monkey coil (TR 2 s, TE 17 ms, flip angle 75°, 40 slices, no gap, 1.25 mm isotropic). Before each scanning session, a contrast agent (MION, or Feraheme 8-11 mg/kg) was injected into the monkey femoral/saphenous vein. The use of the contrast agent improves the contrastnoise ratio approximately threefold at 3Tesla (Leite et al., 2002; Vanduffel et al., 2001 ) and Humans were scanned in a 3T Philips scanner using an 8-channel head coil and a standard EPI-sequence (TR 2 s, TE 30 ms, flip angle 90°, 40 slices, 2.75 x 2.75 x 3.5 mm 3 voxel size).
For the dynamic facial expression experiment, a total of 6 runs were obtained in all except
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three subjects, from whom 1 to 2 runs were omitted due to technical problems. A highresolution anatomical volume for each subject was acquired in the middle of each scanning session using a MPRAGE sequence (TR 9.6 ms, TE 4.6 ms, flip angle 8°, 182 slices, 0.98 x 0.98 x 1.2 mm voxel size). For the localizer experiment, data from four sessions each containing 8 runs were acquired from each of the human subjects.
Data analysis
Monkey pupillary response. The horizontal and vertical eye position records were first analyzed using ILAB (Gitelman, 2002) and customized Matlab scripts to determine the periods of stable central gaze. Specifically, eye blinks were detected by ILAB and removed from each eye trace prior to analysis. The same methodology as described by Bair and O'Keefe (1998) was then adopted for detecting and extracting the periods of stable central gaze (within a 2.25 x 2.25 deg window -which differed from the 2 x 2 deg fixation window during the fMRI experiments). The velocity threshold for detecting saccades was set to 50 deg/s. For each trial, analysis of the pupil size was restricted to a time window from 500 ms before to 4.5 s after the stimulus onset and only the recordings within the aforementioned central gaze periods were considered as valid. Trials having a proportion of valid recordings lower than 75% were excluded from further analysis. Less than 5% of the trials were excluded on average from each run for each subject based on this criterion. For each session, the percent pupil diameter changes relative to baseline (the average pupil diameter over the 500
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ms preceding stimulus onset) was calculated for each condition and then averaged across sessions. To control for different degrees of initial pupillary light reflex after stimulus onset across conditions, the average degree of pupil constriction was calculated from a time window between 375 ms and 425 ms after stimulus onset for each condition, and then subtracted from the pupillary data. This initial pupil constriction time window was determined based on the group data across all the monkey and sessions, centered at the peak of the pupil constriction.
The pupillary response to the movie content was calculated within a window from 375 ms to 2 s after picture onset, for each scan session first, and then values from all the sessions were submitted to the second level group analysis across sessions.
fMRI data analysis. Data were analyzed using Freesurfer and FS-FAST (http://surfer.nmr.mgh.harvard.edu/). The human and monkey data were preprocessed in the same way before submitted to the GLM analysis, except that the slice-time correction was only conducted in humans, and different FWHM values for spatial smoothing were used in humans (5.5 mm) and monkeys (2.4 mm). For GLM analysis, each condition was modeled by convolving a Gamma function (delta = 2.25, tau = 1.25 and exponent = 2 for humans; delta = 0, tau = 8 and exponent = 0.3 for monkeys) at each trial onset over the duration of 2 s reflecting the length of one trial. Trials during which monkeys aborted the fixation were treated as the fixation condition and two extra covariates that were generated from the eye movement traces and the reward schedules were used in monkeys as regressors-of-no-interest.
For group analysis, individual human data were resampled to Talairach space using the standard linear Talairach transformation (Fischl et al., 1999) , and individual session monkey data were warped to M18's anatomical space using a non-linear transformation in JIP software (http://www.nitrc.org/projects/jip) (Mandeville et al., 2011) . A random-effect group analyses (across subjects for humans, and across sessions for monkeys) for the dynamic facial expression experiment was performed. A fixed-effect group analysis for the localizer experiment was conducted in both species (with a cluster-wise correction for multiple comparisons, 10,000 Monte Carlo simulations). The significance maps from the group analysis were projected onto the flattened cortical surface of fsaverage in humans and the M18's surface in monkeys for display.
To plot the profiles of the activated regions, ROIs were selected based on the group activation maps from the dynamic facial expression experiment (p < 0.05, corrected), and then projected back, for each subject in humans, or for each session in monkeys. For the dynamic facial expression experiment, the profiles of these regions are only shown for illustrative purposes to show the amplitude of the fMRI responses in the local maximum. The middle part of the right STS (rSTSm) in humans and area TE and rML in monkeys were defined based on the 3-way interaction between species, expression and configuration. The left anterior inferior temporal cortex (lAIT) ROI in monkeys was defined based on the activation for monkey fearful expressions (fear versus chewing controlled for the activations for scrambled faces). All these
ROIs were defined as a cubic volume (3 x 3 x 3 voxels) around the peak activation of each region. The posterior portion of the right superior temporal sulcus (rSTSp) in humans was defined based on the overlap between the emotion effect of human and monkey fearful faces (compared to chewing and controlled for the activations for scrambled faces), therefore to avoid a bias to either of the human or monkey emotion effect, we delineated a same size (27 voxels) cubic volume ROI around the geometric center of the conjoined activation. For the amygdala, ROIs were defined based on the constrast faces versus scrambled face, and included all the activated voxels at a threshold of p < 0.0005, uncorrected for multiple comparisons. The percent signal change was calculated relative to fixation and averaged across all voxels within each ROI for each subject in humans or each session in monkeys separately, and then submitted to a second-level random-effect group analysis. For the responses to dynamic facial expressions, within-subject ANOVAs were performed. For the responses to object categories in the localizer experiment, a Wilcoxon signed rank test was performed due to small number of subjects. To facilitate comparisons with BOLD, the sign of the MION percent signal changes was reversed.
RESULTS
Behavioral results
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For human subjects, fearful faces of both species were more arousing and their valence was rated more negatively than chewing faces (Ps < 0.02, paired t-test 2B ). Human subjects categorized human fearful faces accurately, but experienced difficulties in distinguishing between fear and anger when rating monkey fearful faces ( Fig. 2A) .
In monkeys, after an initial phase of pupil constriction in response to stimulus onset, monkey pupils were significantly more dilated in response to fearful faces relative to chewing faces of both monkeys and humans. There was no significant interaction between the pupillary response to human and monkey fearful expression relative to chewing (Fig. 2D ). Also no difference was found in fixation performance between different types of faces and expressions (supplementary Fig. 2 ).
fMRI results
First, we determined all areas in monkeys and humans that responded 1 to dynamic facial expressions of humans and monkeys irrespective of the expression (single main effect of configuration), then we compared the neural processing of emotional expressions. To relate our findings anatomically to face-selective regions, we used black outlines in Figure 3 and 4 to label those areas responding more strongly (p < 0.05, uncorrected) to all static faces (human and monkey faces) than control objects (objects H and objects M) in the independent localizer experiment.
Neural processing of dynamic faces
In humans, conspecific and heterospecific dynamic facial expressions (red and green, respectively in Fig. 3A ), relative to their spatially and temporally scrambled versions, activated a largely overlapping distributed network (yellow in Fig. 3A ). Besides face-selective areas (as defined by the contrast between static faces and control objects), the network also included neighboring occipito-temporal cortex, right inferior frontal gyrus, inferior parietal cortex ( Fig. 3A) and bilateral amygdala. Stereotactic coordinates of all reported activations in the human brain are listed in supplementary Table 1 . In monkeys, the same contrasts, activated bilateral face-selective areas in the upper and lower bank of the STS, with the 1 'Selective' and 'responsive' are terms quite intensively used in this paper. We make a clear distinction between them: 'selective' refers to differences between expression conditions (fear and chewing) in the dynamic facial expression experiment, or between faces and objects in the localizer experiment (in this case 'face-selective' is used), while 'responsive' refers to any response compared to scrambled faces or fixation. M A N U S C R I P T
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activity extending posteriorly into TEO and extrastriate areas such as V2, V3 and V4 (Fig.   3B ). In addition, prefrontal cortex and left amygdala were face-responsive as well. The right amygdala was responsive to both human and monkey faces at p< 0.005, uncorrected for multiple comparisons. Most of this dynamic-face responsive system was conjointly activated by both human and monkey faces (shown in yellow in Fig. 3B ).
Neural processing of emotional expressions
We first compared in each species separately the areas that responded selectively to either human or monkey emotional facial expressions, by conducting a two-way interaction between expression and configuration for human faces and monkey faces separately. In humans, human fearful expressions, relative to chewing (controlled for low-level effects such as motion, by using scrambled versions) activated the middle and posterior part of the right STS and upper and lower bank of the posterior part of the left STS (shown in red and yellow in Fig.   4A ). Although a similar effect was found in the anterior part of the fusiform gyrus bilaterally, this was relatively weak and only survived when a threshold uncorrected for multiple comparisons was used (supplementary Fig. 3A ), or when a direct comparison between fearful and chewing expressions was performed, omitting the scrambled controls (supplementary Fig.   3B ). The right posterior STS was the only face-selective region that showed a clear effect of emotional expression (supplementary Fig. 4 ) and was also the only region that responded to emotional expressions of both species (shown in yellow in Fig. 4A ).
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In monkeys, bilateral infero-temporal cortex (specifically the convexity of the inferior temporal gyrus) was selective to the fearful expressions of monkeys (shown in green and yellow in Fig. 4A ). This effect of emotional expression fell mainly outside the face-selective areas (black outline in Fig. 4A ) (activity profiles showing the emotion effect from all faceselective areas can be checked in supplementary Fig. 4 ). In monkeys, we found that activity in early visual cortex (mainly restricted to the lunate sulcus) was modulated by emotion for both species (but more extensively for human faces). Given the absence of changes in early visual activity in response to emotional expressions in the human brain, it is unlikely that this effect in monkeys is due to low-level stimulus characteristics. To examine whether specialization for processing conspecific emotional expressions exists in both species, we performed a threeway interaction between species, expression and configuration. In humans, the middle part of the right STS (rSTSm) was specifically activated by human fearful expression (white outline in rSTS in Fig. 4A ) and showed no differential activation between monkey fearful expressions and monkey chewing (paired t-test, t(22) = 0.71, p = 0.48, Fig. 4B profiles) . This was the only area in the human brain showing a conspecific-specific response to emotional expressions. In monkeys, we also found conspecific-specific responses bilaterally in posterior TE (white outline in green labeled regions in Fig. 4A ) and left lunate sulcus (left V4d). However, in strong contrast with the conspecific responses in human rSTSm, human fear also increased
activity in monkey TE in comparison to chewing (paired t-test, t(13) = 2.31, p < 0.05, Fig. 4B profiles).
Although both human STS and monkey IT responded selectively to emotional expressions, we found differences in properties between these regions that make it unlikely that they fulfill the same function in both species. First, monkey IT responded to all dynamic stimuli, including the scrambled displays whereas rSTSp responded only to dynamic facial expressions and rSTSm only to human emotional expressions. Furthermore, our independent localizer experiment with static stimuli showed that monkey IT responded to all non-facial categories tested (Ps < 0.05, Wilcoxon signed rank test), whereas human rSTSp only responded to faces (p < 0.05, Wilcoxon signed rank test) and human rSTSm was not activated at all by any of the visual categories presented (Fig. 5) , consistent with the selective response to human emotional expressions. In the monkey, we also investigated whether other areas that responded to conspecific emotional expressions without necessarily a conspecific-specific effect, such as the left anterior inferior temporal cortex (left AIT) (Fig. 4A) , would respond solely to conspecific emotional expressions and not to other visual categories, but the answer was negative (Fig. 5) .
Although not the primary aim of this study, we found that other species' emotional expressions elicited more distributed and mainly posterior effects in humans, including ventral occipito-temporal and dorsal occipito-parietal cortex, superior parietal lobule, right
posterior STS, temporo-parietal junction, but also premotor cortex (shown in green and yellow in Fig. 4A ). In monkeys, viewing human fearful faces relative to chewing, was associated with posterior early visual effects and an activation of a face-selective area that has been labeled ML (Moeller et al., 2008) . Based on the properties of ML, we can rule out that this activation for human emotional expressions in monkeys corresponds with our conspecific emotion effect in rSTSm in humans: in contrast with rSTSm, area rML was face selective and
responded to all visual categories tested (supplementary Fig. 5 ).
Finally, the emotion effect in human but not monkey STS was not a matter of differences in responsiveness to dynamic facial stimuli: human and monkey dynamic face stimuli compared to the scrambled ones (single main effect of configuration) activated a largely overlapping distributed network including face-selective areas of STS in both species (Fig. 3) .
Effects of emotional expressions in the amygdala
Given the evidence favoring amygdala involvement in fear processing across species (Dolan and Morris, 2000; Emery and Amaral, 2000; Phelps and LeDoux, 2005) , we specifically looked at the activity profiles in the face-responsive (faces vs. scrambled faces irrespective of the species) parts of the amygdala (Fig. 6 ). In humans, amygdala responded more strongly to human, but not monkey fearful faces, compared to chewing (paired t-test. Human fear vs. 
DISCUSSION
Our data reveal differences in neural processing of emotional facial expressions between humans and monkeys, and argue for a more unique role of human STS in facial emotion perception than previously documented. Although human and monkey STS are both responsive to dynamic faces, we found that human but not monkey STS shows significant activity differences between emotional and non-emotional dynamic facial expressions.
Second, we provide evidence for further functional specialization within human STS along a posterior to anterior axis. Posterior STS responded selectively to emotional expressions independent of species and the emotion effect in rSTSp fell within a face-selective region. In
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contrast, the response in rSTSm, anterior to rSTSp, was highly selective for the emotional cue of human faces and appeared outside face-selective areas.
In monkeys, we observed effects of monkey emotional expressions mainly in bilateral inferotemporal cortex but also in early visual cortex. In posterior TE, the activity was significantly higher for conspecific than for human emotional expressions. The emotional effects in monkey IT, appearing outside or at the edge of face-selective areas, confirm earlier findings using static facial expressions (Hadj-Bouziane et al., 2008) and extend those observations to demonstrate that the posterior part of IT responds particularly to conspecific emotional expressions.
Although tempting to speculate on similarities between human STS and monkey IT in processing emotion cues from dynamic faces, we found important differences in functional properties between these regions with monkey IT being responsive to all visual stimuli presented and human STS being selective for faces (rSTSp) and human emotions (rSTSm).
Our interpretation of the data is that human STS developed a high degree of neural specialization for emotional expressions as socially meaningful stimuli (Peelen et al., 2010) , whereas emotion effects in monkey IT constitute mainly modulatory responses in the visual processing stream (Hadj-Bouziane et al., 2008) . Such modulatory effects in IT have been covered before and are hypothesized to originate from limbic structures, mainly the amygdala (Emery and Amaral, 2000) . Support for this hypothesis also comes from the observation that
different aspects of facial information are encoded at different latencies during single cell recordings in IT (Sugase et al., 1999) . Global information such as species is encoded by an early transient discharge whereas fine information such as emotional expressions is conveyed by a later sustained discharge. The time delay likely reflects feedback from other areas.
Furthermore, in agreement with our findings, IT contains neurons that respond at a much higher level to monkey than to human expressions (Sugase et al., 1999) . In this study, activity changes to emotional expressions also occurred in early visual cortex of monkeys. Early visual responses have been reported in human studies showing that attention to stimuli that contain emotional information enhances responses in early visual cortex (Pessoa et al., 2002; West et al., 2011) and is consistent with anatomical studies in monkeys that show feedback projections from the amygdala terminating in TE and in V1 (Freese and Amaral, 2005; Freese and Amaral, 2006) . It should be noted that the lack of emotion effects in monkey STS in our study does not mean that monkey STS is not involved in processing emotional expressions.
Neurons with preferential responses to emotional expressions in macaque STS have been documented before (Hasselmo et al., 1989; Perrett et al., 1984; Rolls, 2007) . However, our findings show that -in contrast with human STS -fMRI response, a measure of averaged regional brain activity, is not significantly higher for emotional compared to non-emotional expressions in monkey STS.
There is growing evidence for an important role of the human STS in the perception of facial emotional expressions (Adolphs, 2002; Allison et al., 2000; Calder and Young, 2005; Engell and Haxby, 2007; Furl et al., 2007; Haxby et al., 2002; Kret et al., 2011; LaBar et al., 2003; Narumoto et al., 2001; Said et al., 2010; Winston et al., 2004) , as well as in other aspects of social perception from faces including gaze perception, lip-reading and other types of meaningful biological motion (Allison et al., 2000; de Gelder, 2006) . In line with our hypothesis that STS activation in humans fulfills a social function and is involved in attributing meaning to the expression, there is growing evidence that the posterior STS is implicated in the understanding of others' mental states (Gallagher et al., 2000; Gobbini et al., 2007; Redcay et al., 2010) and encodes supramodal representations of perceived emotions (Peelen et al., 2010) . Furthermore, dysfunction of the human STS in clinical populations, such as autistic subjects, leads to complex impairment of social perception (Redcay, 2008; Zilbovicius et al., 2006) . The emergence of neural specialization for processing humanspecific emotional and social information from faces in middle and anterior parts of the human temporal lobe, especially rSTSm, is not surprising. An important extra-allometric expansion of this part of the brain has occurred in the course of anthropoid evolution (Rilling and Seligman, 2002) , which is, at least on the phylogenetic time scale, correlated with increasing social demands (Joffe and Dunbar, 1997) . A higher degree of specialization for extracting dynamic information from faces in anterior compared to posterior human STS was
recently reported (Pitcher et al., 2011) . Another study reported specialization for human facial motion compared to hand motion in right middle STS (Thompson et al., 2007) and fMRI adaptation studies confirm functional specialization within human right STS with sensitivity for human emotional expressions in more anterior parts (Winston et al., 2004) . Furthermore, electrical stimulation of human right middle STS disturbs labeling of facial emotions (Fried et al., 1982) . Also neurodegeneration of the right anterior temporal cortex leads to severe emotion recognition deficits in patients with frontotemporal dementia .
Although the heterospecific faces were primarily meant as controls to study whether emotion effects were specific for the own species, we were surprised to find so little overlap between the effects of conspecific and heterospecific emotional expressions, especially in humans.
This contrasts with the important overlap of face-responsive regions in both species (Fig. 3) , supporting that face processing in general is largely species-independent whereas processing of emotional cues is much more species-dependent. More posterior, parietal and occipitotemporal, responses to heterospecific expressions have been reported before though in humans (Buccino et al., 2004 ), but it is not exactly clear what they mean. It is unlikely that these posterior activations were caused by low-level stimulus differences since we control for it by the interaction with the scrambled stimuli. Moreover, activation in the early occipitotemporal cortex was found only in monkeys for human fearful faces (compared to chewing), but not in humans. If it was a low-level effect we should have observed it in both humans and A C C E P T E D M A N U S C R I P T
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monkeys. Differences in arousal could be another possibility, as dynamic monkey faces (certainly emotional monkey faces) may be more arousing for humans than dynamic human faces are for monkeys. However, the behavioral data presented in Fig. 2B show that this is very unlikely: the degree of arousal for humans is larger for human faces compared to monkey faces. Aspects that are harder to control for are differences in selective spatial attention across stimulus types, which are known to drive portions of parietal cortex and modulate activity in occipital areas. Hence, although speculative, a more parsimonious explanation is that humans pay more attention to the monkey fearful faces than to the human fearful faces. Even so a stronger homospecific (compared to heterospecific) effect was still observed in higher order cortex (rSTSm) in humans, which further strengthens the unique role of STS in dealing with social cues such as emotional expression.
It should also be noted that differences in familiarity may have contributed to the conspecific effect in our results. However, our study design was conceptualized to minimize familiarity effects in monkeys and novelty effects in humans, by contrasting emotional heterospecific with non-emotional heterospecific faces and thereby subtracting the familiarity or novelty effects of heterospecific faces in monkeys and humans respectively.
To conclude, our data suggest that human STS evolved towards an expertise in processing emotional expressions that is not present to a comparable degree in monkeys. More generally, our data underscore the importance of cross-species comparisons (Mantini et al., 2012) to gain
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insight in the species-typical neural basis of social interactions (Ghazanfar and Santos, 2004) .
Further comparative studies with species-specific social cues are certainly needed to support our claims and to elucidate what is typically human about our so-called 'social brain'. M A N U S C R I P T 
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